DOUBLE-GATE FET WITH PLANARIZED SURFACES 
AND SELF-ALIGNED SILICIDES 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to metal oxide semiconductor field 
effect transistors (MOSFETs) and more particularly to a double-gate MOSFET 
that has several advantages over conventional single-gate MOSFETs. 

Description of the Related Art 

It is conventionally known that a double-gate MOSFET has several 
advantages of over conventional single-gate MOSFET structures (dual-gates are 
side by side, while double-gates form a top and bottom gate structure). For 
example, the double-gate MOSFET structure has higher transconductance, lower 
parasitic capacitance and superior short-channel characteristics when compared to 
single-gate MOSFET structures. Various simulations have shown that a 30 nm 
channel double-gate MOSFET will show very high transconductance (2300 
mS/mm) and very fast switching speeds. Moreover, good short-channel 
characteristics are obtained down to a 20 nm channel length, which does not 
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require doping. Therefore, double-gate MOSFETs circumvent tunneling 
breakdown, and avoid the dopant quantization and unpurity scattering associated 
with the conventional doping required in single-channel MOSFET structures. 

However there is no conventional method of making a double-gate 
5 MOSFET structure which has both the top and bottom gate self-aligned to the 

source/drain silicides and which produces a planarized surface after the formation 
of the source/drain and gate structures. Conventional efforts to form a 
double-gate MOSFET structure generally fall into three categories. 

One method etches silicon mto a pillar structure and deposits gates around 
1 0 the pillar structure. However, with this method, it is difficult to form thin vertical 

pillars (e.g., 10 nm) that are free of reactive ion etching (RIE) damage and to 
maintain good thickness control. 

Another method forms a conventional single-gate MOSFET and uses 
either selective epitaxy or bond-and-etch-back techniques to form the second gate. 
1 5 However, with this method, it is difficult to keep the top and bottom gate oxides 

at the same thickness and to align the gates with each other. 

A third method begins with a thin SOI film, and patterns tunnels under the 
SOI film. Then, gate electrodes are deposited in the tunnel around the SOI film. 
However, this method also suffers silicon thickness control problems and gate 
20 alignment problems. 

Therefore, there is a need for a method and structure of forming a double- 
gate MOSFET structure which provides a planarized surface after the formation of 
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the source/drain and gate structures and which allows for the gate and 
source/drain silicides to be self-aligned. 



SUMMARY OF THE INVENTION 



It is, therefore, an object of the present invention to provide a structure and 
method for an integrated circuit having a first gate, a second gate, and source and 
drain regions adjacent the first and second gate wherein the first gate and the 
source and drain regions are silicided in a single self-aligned process. The 
integrated circuit has a channel region between the first gate and the second gate, 
conductors electrically connecting the first and the second gate, and an insulator 
above the first gate, and insulators between the channel region and the first gate 
and the second gate. The channel region includes channel extensions extending 
into the source and drain regions wherein the channel extensions have an arrow 
shape in cross-section. 

The invention can also comprise a method for producing a double-gate 
metal oxide semiconductor field effect transistor which can form a lanwnated 
structure including forming a first sacrificial layer, forming a channel layer above 
the first sacrificial layer, and forming a second sacrificial layer above the channel 
layer. The method can also include removing the first sacrificial layer and the 
second sacrificial layer, depositing gate conductors around at least two sides of the 
channel layer, doping source and drain regions of the laminated structure, and 
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forming an insulator between the channel layer and the first sacrificial layer and 
the second sacrificial layer. The method may also include forming conductors 
electrically connecting the gate conductors, forming source and drain regions 
adjacent the laminated structure, growing channel extensions into the source and 
5 drain regions, wherein the channel extensions have an arrow shape in 

cross-section. The removal of the first sacrificial layer and the second sacrificial 
layer leaves the channel layer as a bridge having open space above and below the 
channel layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The foregoing and other objects, aspects and advantages will be better 

understood fi-om the following detailed description of a preferred embodiment of 
the invention with reference to the drawings, in which: 

Figure 1 is a schematic diagram depictmg a top view of the device; 
Figure 2 is a schematic diagram depicting a cross-sectional view of the 
1 5 completed device; 

Figure 3 is a schematic diagram depicting the device gate length 
cross-section after the active area etch; 

Figure 4 is a schematic diagram depicting the device gate width 
cross-section of the structure shown in Figure 3; 
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Figure 5 is a schematic diagram depicting the device gate length 
cross-section after removal of nitride gate space-holder, deposition of polysilicon 
or tungsten, and polishing; 

Figure 6 is a schematic diagram depicting the device in Figure 5 in the 
gate width cross-section; 

Figure 7 depicting the device gate length cross-section after etching; 

Figure 8 is a schematic diagram depicting the device gate width 
cross-section of the device shown in Figure 7; 

Figure 9 is a schematic diagram depicting the device gate length 
cross-section after patterning the polysilicon; 

Figure 10 is a schematic diagram depicting the device gate width 
cross-section of the device shown in Figure 9; and 

Figure 1 1 is a schematic diagram depicting the device gate length 
cross-section after removal of the oxide, and silicidation of the upper gate 
conductor and the so\irce/drain. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

As discussed above, the invention provides a structure and method for 
fabricating a double-gate field effect transistor (FET) with a planarized surface 
and with gate regions which are self-aligned to the source drain. The silicide 
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regions over the gate, source and drain are formed in a single self-aligned 
(salicide) processing step. The planarized surface of the inventive structure is 
important for subsequent processing which needs a level surface. 

Figure 1 illustrates a top view of the inventive structure which includes a 
gate 10 and source and dram and regions 11,12. Figures 2-1 1 illustrate the 
various stages of production of the inventive structure and the process for forming 
the inventive structure. While a single process for the invention is disclosed 
below, as would be known by one ordhiarily skilled in the art given this 
disclosure, many similar processes may be substituted at various points of the 
inventive method without departing from the concept of the invention to achieve a 
similar structure and the invention is intended to include all such similar 
processing steps and/or processing materials. 

More specifically, Figure 2 illustrates a structure which is disclosed in 
co-pending U.S. Patent Application by K. K. Chan, G. M. Cohen, Y. Taur, and 
H.S. P. Wong, entitle "Self-Aligned Double-Gate MOSFET by Selective Epitaxy 
and Silicon Wafer Bonding Techniques", Serial Number 09/272,297, filed March 
19, 1999 (hereinafter "Chan") incorporated herein by reference. The processing 
steps practiced to achieve the structure shown in Figure 2 are described in Chan 
and are also sunmaarized below: 

By wafer bonding, a thin crystalline silicon 306 (the Si channel) is 
sandwiched between two pad oxides 3 12. On either sides of the top and bottom 
pad oxides there are nitride films 305 (bottom) and 308 (top). The bottom nitride 
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film 305 is laid over an oxide film 302 which is referred to as the buried oxide or 
BOX. The BOX 302 is bonded to a silicon substrate 301 or any other handle 
substrate. An oxide film is deposited over the top nitride 308, and another 
nitride film 3 10 is deposited over the oxide 309. 

The source and drain holes 303 are defined by lithography and reactive ion 
etching (RIE). The RIE etches through the film stack and stop in the BOX 302. 
The silicon channel 306 is then extended into the source/drain holes 303 by 
selective epitaxy. The selective epitaxy uses the crystalline silicon 306 channel as 
a seed fi-om which the channel extensions are grown in the form of arrows. The 
arrows stick out and thus facilitate the formation of the sidewall spacers 314 and 
307. Low temperature oxide (LTO) sidewalls spacers 314 and 307 are formed by 
LTO deposition and RIE. The source and drain holes 303 are then filled by 
depositing amorphous silicon (a-Si) and are polished back using a selective 
chemical mechanical polishing (CMP) process which stops on the top nitride 310. 
The source and drain are recessed by a silicon RIE, which is selective to nitride. 
The recessed amorphous silicon plugs 303, are re-crystallized by annealing. A 
self-aligned implant is used to dope the source and drain silicon plugs 303. The 
recessed portion of the source and drain region 3 1 1 is then filled with LTO and 
polished back using a CMP process that stops on the top nitride 310. 

When using CMP for planarization it is very usefiil to have a selective 
process that would remove one material but would hardly effect other materials. 
This is why CMP is said to be "chemical" and not just "mechanical". This 
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property is very handy for making plugs such as the oxide plug 3 1 1 in the process 
discussed above. The source and drain holes are filled by an oxide deposition. If 
the deposited fihn is thick enough it would fill the hole completely. It would also 
cover the area outside the hole region (the nitride 310). Since the oxide deposition 

5 is partially conformal, the surface topography would follow to some extent the 

underlay surface, showing a dip where the source/drain holes are. The bottom of 
the dip would be higher than the underlay nitride 3 1 0 if a thick enough film was 
deposited. When CMP (which is selective to nitride) is used for planarization it 
removes the oxide mainly over the nitride 310 regions since these are the highest 

1 0 surface spots (think of conventional mechanical polishing). As the CMP process 

is continued it eventually removes all the oxide over the nitride regions. Since the 
CMP is said to be selective to nitride (due to the "chemical" properties of the 
process), the removal of additional material is practically stopped. The oxide that 
fills the source/drain regions would not be removed since the polishing pad is 

1 5 "held back" by the nitride regions. In this way the oxide over the nitride 310 

regions is shaved leaving oxide plugs 3 1 1 in the source/drain holes. 

Figure 3 illustrates the same structure from the gate length after patterning. 
Figure 4 illustrates the same structure from the gate width direction after 
patterning. The pattermg (by RIE) is used to define the device areas (a structure 

20 referred to as the mesa). The exposed silicon surfaces 304 and 306 are oxidized 

for isolation. The mesa etch also provides access to the bottom nitride 305. Hot 
phosphoric acid (H3PO4) is used to etch top nitrides 308, 310 and the bottom 
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nitride 305, forming a suspended bridge of silicon channel 306 as well as a bridge 
of oxide 309 above the silicon channel. 

In Figure 5, a conductor such as polysilicon, tungsten, etc. is deposited to 
fill the areas vacated by the nitride regions. This forms the upper and lower gate 
conductors, 502, 503, an upper conductor region 501 and outer conductor regions 
500. The same structure is shown in gate width cross-section in Figure 6. After 
the conductor 500 is deposited, the structure is polished down to the oxide 311. 

In Figure 7, the structure is subjected to a timed etch which removes the 
upper conductor 501 and portions of the side conductors 500. The etch may be 
carried out using a HBr based chemistry poly-Si RIE which is selective to oxide* 
Alternatively a wet etch such as KOH or TMAH could be used for polysilicon 
etching while H2O2 could be used to etch tungsten. After the etching, a nitride 
polish stop layer 700 is formed over the structure. The thickness of the nitride 
polish stop layer 700 depends upon the polishing and reactive ion etching (RIE) 
selectivity of the conductor 502, 503 to the nitride 700. For example, the layer 
700 could be 50 nm thick. Once again, the same structure is shown in gate width 
cross-section in Figure 8. 

In Figure 9 (gate length cross-section) and Figure 10 (width cross-section), 
the outer conductors 500 are removed using a selective etching process, such as a 
poly-Si RIE based on HBr chemistry, and are replaced with insulators 900 such as 
a low temperature oxide (LTO) insulators. The structure is then polished down to 
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the nitride polish stop 700. The nitride 700 fihn is then etched in hot phosphoric 
acid. 

In Figure 1 1 , a reactive ion etching is applied to etch selectively the oxides 
900, 311 and 309. The reactive ion etching stops when the oxide over the top 
poly gate 502 and the a-Si source/drain surfaces is cleared. While the oxides 3 1 1 
and 309 are fiiUy removed, the oxide 900 is not completely etched but may be 
slightly recessed with respect to the a-Si 303 top surface. An insulator film such as 
nitride or LTO is then deposited and spacers 1200 are formed by RIE at the gate 
edges. A conventional self-aligned silicide process is then used to silicide the 
exposed silicon surfaces. A silicide such as CoSia 1300 is formed over the top 
poly-Si gate 502 and the source/drain regions 303. Finally an isolation oxide (not 
shown in the figure) is deposited to prepare for back-end metallization processes. 

The implementation of the source and drain regions 303 which is carried 
out before the insertion of the LTO plugs 311, may be postponed and carried out 
just before the silicide process. This relieves some thermal budget constrains that 
are required to prevent dopant diffusion. In this embodiment, the self-aligned 
dopant implantation is carried out after the formation of the spacer 1200. The 
thickness of the spacers 1200 determines the offset of the implant. Following the 
implant, a rapid thermal annealing (RTA) is used to activate the dopants. As 
discussed in the main embodiment, a conventional selfr-aligned silicide process is 
then used to silicide the exposed silicon surfaces. The remaining process steps are 
unchanged. 

YOR9-2000-0173 

10 



While the invention has been described in terms of preferred 
embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the appended claims. 
For example, while the invention has been described with reference to MOSFET 
structure, as would be known by one ordinarily skilled in the art given this 
disclosure, the invention is applicable to all similar integrated circuit devices 
including semiconductor devices, transistors and other field effect type devices. 
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